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(54) NONDESTRUCTIVE INSPECTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nondestructive 
inspection method whereby a creep degradation state of a 
turbine blade can be surely grasped by measuring an initial 
magnetic susceptibility. 

SOLUTION: A dumbbell-shaped creep test piece 1 is formed 
from a turbine blade. A sample 1a including a plurality of 
crystal grains is cut out from the sample piece. The sample 1a 
is maintained in a state of not higher than a Curie point 
Magnetic characteristics of the sample are measured by a 
SQUID magnetic susceptibility meter. A degree of degradation 
of the turbine blade is evaluated to be large when the initial 
magnetic susceptibility as one of the magnetic characteristics 
is large. 
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i m>m i ] tfttfttttc* a & * * ■? -£OT©t*s 
i> . awe t ksi > xmim&wo&itm. 
&mc*t b -cmrnmnum s ntcmsomitrnt m 

K»tti*Kd* ft*8!i14<*$#©i8{b^4&8Bf4<*g|5 
HH#B5] ^f*Kf££T£M&4»l#Fig4©M 

*s»3|gi i ~5©$fc©i>rftfr-^tciaii©#«« 

[»*a7 ] WK«*(**«fk-r*«wb*a*«. mm 
m^mitv^i>mm^^)iv$>^tmmi-5<D')t(D 30 

Kmm&<mmm*m?zb<D-c&zmim 1 - 1 

[2PJ©ffcNB&IfcH;j] 
[0 00 1 ] 

>©««*. BfiTriaiyTOSft****©* y -7* 

[0002] 40 

©««^xi©sM(c<fcSiSs. *»«fccma-ca«r* 
c 4 tc <fc w s /c© * 'J - ^<ts* 5 v »»s 
r^{fcS«i&4. c©* y -7*&{k#iitT?S4 

#*2-fc*>©Sm«c«ii>ffi&N iSjBd&ftsiKfflSti 

/eaten, collated* *y-:/jw>-*tt* -p. « 
c»*hku awa^WKXft-r ft* so 



1^532 0 0 1 - 1 4 1 700 
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tt. ^*©@fl«:j:^^||^a*i|fbnri,^©^-c 
*##S£*£fcoT-©sra«(c-mt$r 0 D B 4 

[000 3] 

[0 004] #8W©BWtt. «e*©*j£*«ffl*0. & 
«gPtt© * 'J - ?m^S!^k©g£t,>©5i»I?iI£ 

[000 5] 

T©tt»"C©««»tt*i!H3iL. fUEbfclBfflWSttKS 

mmtz&ic&'o. *©fMi. so\ «**«*©«») t? 

Cffiffl] *H«[A6«:fct,>-ttt. «**©*•; -?5Wtft 

«BfflMftt©JH.»*i!3i"r4ci«:J:-3r. mm-e^f 
**ffi*«Lfi[bfc. 05. ROTS 1 4«*K7n-r 

j^k. tAt^£i/-c©«ffism©sniii$m. m«. 

S6{fc"rit©*i**Ci*flffll/fc. C©®$W#14©^ 

c^s) c © <t 5 Ka«w*©«»i$tt©sEf fc*a* s c 
[0006] mm mmi2 tc&zwjuckzftmm 

j^Ofc«^W^K»t»TWKI^ft©^{b«*ffffit- 
C©J:5&#Sc{c<fcD«'J5rfS£ > 014©1f^77© 

s. chKi^t, *sfie©«ffl^r B i45iSism4© 

[0007] C^fiX) »*«3«:«4|6iJ8(c«fc4«fft* 



(3) 



2001-141700 
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(flaw**) 0*9. t^tta*»tttt"r*oT. 

[0 00 8] Ctttitt S«*«4K«*|BWKJ:«1$»» 
da*. 11*511 ~3©9%©«.»1"*i*> — :>fc§BlB©*9! 

&®14{*$#©iwie$fctt:£{*fc:*r-f t it» 

©f¥ffl. RCf. sft»«*©ao-c**. 
cfpffl»») cent Enjjneai?©«§4^ig3-»frff 

ft©«{fcffi*to4ci©T*«*s«:ot»riatt-r4. * 

X T = (X f xV F + X,xV H ) /V T 

MMHI©Xlli&H a J: ») fcSEflftlfiSW (H^Ha) ~C X £. 

a»tt»±#©fiB^*-^ > h a.wsm»sm>mam [«2 ] 

M ls + X»xV,xH --• 

frhnwc'?--itv$>2>m8tii>hffl%i>z>t> 4x1 

©fiSflliia*-^> htt^JS14ftg|5^©fi5»*-^> h 
©ffS (»2©»2*) *#*-T4i4x 1 O'-xV, ★ 

X T xV T xH = M FS + X»xV 
tmtt&. H=4'f^5T©a*i#©5B«l*-^>h*- 
ffiftCCH 8 m^fc Si, 4xl0" 1 xV I fX7i 
&4. Ltc&iX, H = 4y-*5(cbivc«»»tel*» 
#©g&fafi8Sv&-;0 MJ. M fS ^4xl0-'xV I f * 

Xt = X.xV./V t 
-Tttto*. H=4f^7K*»»58Hb*Ht 40 

Brirz c t tt x g ff 6 na?fira«in^T'T?©tfcsa{fc*x 

T «. &8&ttttgR#©J±fiBfb$X, iS«ltttaJ»©«« 
#mv»/V r ©ffl{tl?U\ c©*ffi-^BI«:#t*tt(* 
(c-oi>-c©«3 *fln,»r««tt#«»©tta«t»x. t 
«fiatt#au»©««»* v , /v T ©«£#«> & i . * y 
-^wuc«fc4ge<btt/hs <, 8xi o- 3 gs©Bg-s 
tt*84ct!ww»*. *i©x T (fgEfMW) *>e> 

&4©X, (AEPftHSff) *2U5I< £, 

[ft5] x T (ffien^w) -x T (SEnttisaw) =x r 

xV f /V T (5) «±©5£*ffll> 50 



*-jKWKtt. H6Km-r<J:5«:. fi&fb J <tB£W©$£3 H 
i©HfftC*jt>"CB. *BBrtt»aw©«aft«-5i©«» 
©»§H£a*££g&fa-f 6©ct*tb-t. ^istt(*Sf5^ 



: &&&£#©(*» 
: ttt*tt±#©JtflWt* 

: &&tti*SB#©it®{b^ 

: nm&ftffiw&m 

: SfiBttft$B#©tbllf b$ 

: j4§i5En»naw 

ifeltefb^Xrtt. fi8<b^X£*£©jS5B$Mo = 4 7C 

X 1 0-'t?&t&{bLfc*>©T?*«3, »jt*X©lfi*t** 

flwr4»^«cit'<r«aiw«:ji*4»'n»©-c. 

20 fflTS. K^^ft©JtffiBKb^X T BEn«nfi5l?HAS+^ 

[ftl] 



(1) 



(2) 



30 ^**c>ia£Ktt»8M*©ttfR*-->< > ^ £tfc»ft* 
X T ©M*tt> 
[K3] 



,XH (3) 

fr^raa©-?. M fS <x, 

[K4] 



xV.xHt *£„ «fc-5 



(4) 



y - 7T$r^ 1 1 fcfc i©<t 5 (c^bf s*^ 4i3-< 4©(c 

©■C, X,*l»>ttV r *J-tfo-C*4toW>^*»6. 
«t» ■C»tft»4'©5il«14ft»»©Jt»{fc*X f 4 

*v r /v T ©a**st>ytis**s%ufc<>©*tia7T* 

6. fiEnftfflBff^^WfcW^' 



•e©Jt«ft»X 



«1 • 

s 

^Vf/Vrom^AsciKj^r. mmmitmic 
tmmwxotmitmx, ic-o^xam q omitztm 

>7*U-K (MAR-M-24 6) ©*§£«: "Hi, 

mmmnomt, o~o. oit-x^k, usEnsn® 

[000 9] ii*^5^^Bj(cj:6^^ 

croBawi] 0 i 2 k^tt j: -5 k . mmm (tv-? 

■SB) (i"J-7'l») iOM»C-5l,>T, i"; 

J0rSC4*iflS. 0 1 5 (c^Tcfc 5 K. lift 3 

x^hr-ztmhtix^z. cia^^of-^^i 
*K«fc-,T*aa#w4i. ss«Kk£iatt«iBi (01 6 
©»£» * y - -/mm ) £ ©«<&£?# 5 c £ *j-c * . 0 

16 <<f) K^TioK:. SSBfiWfc4S#4©fflnH<fc 

16 (n) {c^TJc^K. M#4^D-:/4©*Bi!50,J; 
0 2 i; - C d5 c 3 C £ S 0 o£ 

SC4*J?n>B«:ft£. ccf, ftftt*. M##RBgfcft 
4*?©i$ffl#6«i5i<*ttfc* y-^Fal^K t4K 

[ooio] cwifi) imm iemzmwie zzmm 

Ousts »3»BUcff*«W«:J:*1*»«)i8tt:*jt»-c. Mr 
{t=&^Ul"C#S t'f ?7? 7*3 Y ^U5r<f^./t SQU I D 

fflr*S fcf 7 *r 7 ^;t/£<I;lfc4>©£&ffl-f & C 



(4) ^gg 2 0 0 1 - 1 4 1 7 0 0 
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cad*) enfeiot, tttwtefctcttjgc*) «:<(,> a* 

ffi*4Ci3*J-C#. jflSftftjS^pJ&gfcft*. 
[0 0 11] C«tfiSD ^*S7«c^S^«:J:^^®*» 

■C^5SifiBE3-r;i/-c&iit^i ~7©?5©(,>-Ttt#> 

f* fc©r<&* jSk*»i. *©fMi. so*. tt*u%© 
io ffig-c**. 

?#*©?. ain(*©*ffcujj(,»au»tt:»u-c**t/r 
fiBfbO-c. «S©a»*6©-'-fX©«ft*|qnrr*. 65 
fbSI5^6©M#©iESi3*|fiJ±S#T. *{tau»©49 

££Hff Sfc©4ft£. 

[0012] C<#l&] ii*«8{C#5#EBJ(c<fcS#m« 
BEtt. if *s l ~ 7 © ^ fe©i>-riifr — 3«:i34B©2SHJ! 

(C$,0. *©rofl. scf. sftstt^©ao-c*s. 

CffifflJ8!l»5 tf*« 1 ~7 *r(cffit8Lfc»ttft©m 

■t>tiTi»rt«tt©im%«aw«©K»*3Stf-f«: 

a*4C4#T7*. C©«fc^ft«gK«*W-rS«tt«: 

(cm or fe3&ffcK*«gg«cfi*. 4 c i *s-c^ s©r* 

30 [0013] 

[#HB©Jtlt©ffIt] cc-c«, tm©^fbft«#IKM 
a»ci(W»i-**ft4 vx. mn*tbx<DZ-xy7i> 

-fj:0'7Y+-*9 bmmmx^Mim^xmiicm 

k\ c<Dt>v- Ttmitf -> tcmcm 1 {c^-r^m^tt 

ffl©SI4 1 a *«0 ffi LT*©J: 5 ft8B«W#tt©i!l5e* 

[00 14] CCfC, dr-hT>^'U-F©ttR4U'C 
40 «. ^©<t^ftf$tt*^Fo-Ct>S. oil MAR-M 
246 (C:0, 1 5. Cr: 9, Co: 1 0, Mo: 
2, 5. W : 1 0> Al : 5. 5> Ti : 1 . 5. Mn: 
0, 5. Si: 0, 1. B : 0, 0 2. Ta: 1, 5. Z 
r: 0. 0 5vrt%) *^-tf>^U- K4 0r^fflf 
4. f~K>^U-K«3^5 y*fc0 1 OOfflffi© 
fiSMSotl^©?. «£©^7 7^«flijL^ 
K. ^ft<£6fkffiiffi©MiUft«l#"3j:9K:em«ff 

[0015] (^i mmmmico^x > c ©* 1 utt^ 

50 «C»»TB. «WM*ttt L"CSWt»*«EU. c©e 
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»)IBbfcR«ttOK» 1 a<D4©*lt>4. P?«tt©K 
$ l a <0 ID LfcSS 0 ©SP# cfc 0 JSUHftDttt* 1 b £ 

axotiit. «p«ys?fflwwiorfflt>6n*. ft. ±sa 
©J:5KKf»*i»0fflLWHI«:*ji»"C. «8©*ffl(c 

[00 16] CC-C. fiWk*Xitt. EPftlflBftH©tt3 

im) x= j/h 

[*7J J =M/V 

■csynsh*. -e-ut. ise-rasou i D^mm^2 

t. *ti*?n ? k Lz/cB 2 (ct^-t «t 5 &s8*kE&i§!£# 
h 2 tctottzmmmmuo a b c©* ottfcw * 

ffl»b$£4;i5o 
[00 17]#(C. SQU I D&W£§t2lC^xmW 
tZ. H3K7S-rJ:5K. SQU I Dfif»*tt2tt. ft 

-A3 (Dmxmt mtm-? ? v 5 , 5 «<■ 

h 5. 5(c<fc&«W3(c£lti8gM$ 
ft fcgl&fl© f 7^7? 7' 3 ^^6, 6 * ±T#ft (C b 

/co-cEgu-c&o. $e.(t. f^Tf^^ie, 
6 * jtar 4«arc«H»Aa n 7 or. u 

K^-rSjBratttllHlRCCjgSSQU I DJfrfl 0 
*Rtfr*0. SQU I DJRT-1 0»S^H*7y>IS^ 

Jjn$ft&4. ±T©3^^6. 6{CiB««*J|6i-r4 
r. ±T©3-f*6. 6*Jt<»JW«JU>J*£«:tt. 

jgfS^tinj nr , squ i DMir l o -c«*iife©^ 

ffitt3MN». Cft(Ccfc«5, Kf4ia*JJEcl»J»^jR(,>tt 

coo 1 8] ccv. smxtovstcimzmQm. 

■YiWe. 6K«W(4©safb4ftBI4*6ft4fil»*-y 
>hKttW**^£fb(cifflr*iia*##»£U s 



(5) ^200 1 - 1 4 1 70 0 
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QU I D**l Or&fcHSft*. SQU I Dfi^lOt 
[0019] KttHm**?g(c3£*f &^M&© 

A,iami &zm<®r>tc®ffij*'(7i 3rtKAft. c 

©K*4l a£AhfctMB'<<f:/l 3*S6KW,>*HII© 
7* 1 4 rticHA-T a. 9HM©MM1'< -f 1 4 i 
tttt. 5»ffl»Mfc*J*o*i. WW©«)!1^V^14«» 
10 tt±-ar*») . '±T»x h a - ftctk^r+^tcfii* 

[0 02 0] t&El,fcJ:5«C. S^©^>^JUSs^fr 

1 k * >; - ^K»**t. t © * y - 7*Kf|jtu d It 

««©ttf*ia*SKU CftfcKttl afcftbTtJJJW 

«ft*x©iiBE*K*fc. *Lfc^y-^Km©*fr 
«. jaaww looo- c. 9is&fMCA#i 1.177 

x 1 0' P a-C&£„ C©*ft©«^(CttSattfCJ:SJ!lD 
jS^4^oT*jO. WKB:3 7 0B$^fi-cK»r{C 

20 ss©t\ d"j-^wi*wa©^n«:iti/r*«i&K» 

^Ttt, JWU*6BJftISnfc«IM)l0UlK:J:-5rgia 
S8ffc*?8»). cOct^^fii^tc^, WjeotefiWbilMitc 

»ffli/fc«iBB^ftBii««4*-j-*t©t? 

^£9. «fi8teffltt-yo»lSit|iTtfton. WISH 
a**a->!;-aflCeU:©15 0K«:JWU S!Sttt»J 

30 *k . Enaie^?: « n © * * . * * $ -sswt 

lOKtc^aufc. cc*-c©M«-c. EfiJiiSSW-fe'o-e 
Wb*o«:ft <0 . SC*4 1 a umiHMtrWBd n^c« 

[0021] S3»nKfb$x*»j^-rsti^©EWnns#© 

8K**«. -7xi0" J f^7H7xi0-'f 
^7*tixi 0-'f-X7f]^-Ciil??r^WrtK^ f 3 

u tc c vtmzimum 1 0 k vmmm 
•ewiesfbft^ «t 9 M8)S{b$x**«f)/c*s*^ 
40 05«:^-r4>©-c*«3. 5";-^ra3oo^ra*aA 

S t ©K . »BWefb$©^Hi-r.S t©*tja*W 6 tifc. 
ft. i5 Kfc^> ttJMftf ?:X^IIf ti L/cfi] 

ffiJfcfiWb*r«7nb"C*4. c©tfta«*©»«f«:*»i» 

Wb** ±» s -&r i » * & «R u fc«* . c ©jSk 01 > r 
«i8^4«:«-rs{ / pffl^©Jir-aj-</c. fiu. ffi© 

«. »«8tt*©*-c«fiS3*irc>/c4*it6n*. *y 

50 -7^*53 0 OBfPfl^M^SIiC^-C^^rfc. 
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.fb$#*t<gft£J£3l£ftofc©«. 
KBfl^$^1^*ISofcfe©T?ttfc<. mitLX 
W»)fflOfcBl»)tHOife©iB«l*atto-Cl»S»{c. lie 
^fc4>©£^;L6ft£. «±»Wbfc«fc^«:. Mb 

ts.z>t. t> x )— 7*b#f b i *tgi » t> © r * * t sffi-r 4 c i 

'J - 7"£iti 9V- TmitCJ: iX$>fi>t>l>tcb<DX$> 
Ztf, i> x ) -7"£iti?V -?'W?>X$>ht>Ltci><Dft 

0 1 o tcis-risft-e* o . * »; - ?%<t&ifiit** zm 

***** < ft 4 «. 5Wt**«* *<ft-5£i>5C 

>7"U- FSftttNiCoC rAlYI?©S*f£fll-CSIbft 
C©figlrti*»ter*»). *o. #tt*Wfc 

(»2HWraUcoi»r) C©*22S*0B«MC*rtvc 
tt. B&fifttt£ LT^aem^S'JS-r 5 C £ K<fc -j -c, 
tm©£{bK**D4 c £ **T?* S*ffiK-3i»TKW 
4. y>^;uas«wr*a»*fflfib. ttiicttLXffi. 
S982-C. E#l. 17xi O'PaTf 

*ffn. 9 ft 4©r*s. ai2K^ 

fi^K. tBR**4ft«»©f^wafe©*s^-r* 

£. urnfc. ?';-7"2*# 2 5£ 
(»2^S*) ©«*«l»l/r*J»). 2%^S 

;i££JmiIS# (»3^CM*) KPgK&trf *>c£#§s 
&ffiti£o «±©<fc 9 ft * »; - ^2****tteB5IHH-lc 

jBa«»*an£OT. ^';-7-u#r B i©fiioaiu 

[0022] »B««©«3eW*KO(,>TttiWr 4. 
(D ffl&btt ^H»*S»fcWWt 1 K*t or . 

i5A«44KwwitK. saBBw*a«i»/r. 

c©£»«»**^y»*i 6(cJ:»5®*k:3?k:l 

© *<D«AtL1tW*ft 1 *««S/-^ K3n/cXr- 
J/ 1 8 JhtcfHU c ©* r - y l 8 £*¥©-;frfaK: 

ttfrUctffc. *f— 5*1 8©±#©SQU 1 

[0023] iiaufciij^^Ccfc^-cffensa'j^T 1 

jt©zi'o©f-^<iid £ organs. ccrocDf-i' 
fid ©jaatffo&su ofcf&wBSBSi?*^ 

l/Cl>4. «B»IS'«l:»)#fi[ftffl^fc0©fi8{fc. Tftfr 

*>si§i8{b4*ffl-f a. Ks©aa«fk*«ife*-rs«» 



(6) ^ 2 0 0 1 - 1 4 1 7 0 0 
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it. miKizm&^mT-cmmutc&cD-c&z. c© 

[0024 ] ±fB0fc^S!8m£»r£il?ir > 2 <) 

M&£S-r&c £##*>•*>. c©*';-?'s*£gi§ii 
{bi©w«*^-rf f -a't. 01 2£»)«iai/fc«fj£K 
#Krx>T©* t -*£*ffiw«*ttr#s<!:, {^©^r 

r. f;-^»3©«w*i";-'^2*KSti«. *© 
(DmftftiBmxzz. 016 <-n (p) 
^©s^ib-c^sn. mttifismztititmi 3{c 

fcWS*cJ;^U- 7-B$ra^^-c 1 4 c £ K ft 4 . 
(C. ^«;-^*t»{b*i©M«*^H10£. c 

©m 2 mmjtmxmm Ltcmtcm?**)- vm> t v 

4C£(cJ:oT. 7"B#ra ^S^-C * 4 c £ 36*t>*» 

30 &„ 

[002 5] (*33H6»»«:o(,>-C) «3Htt^tt& 

bxit, ? <)-7"£<tmzm?>&t bxmumft®- 

oitor©«BWb*©«**«{)S*ffi**4*«. c©,£ 
{cot »r « . M&a 4 tc »I6 L &«$!«*©*£ fci > "C 

[0026] tmm&m 

( 1 ) f-t>^u- K©^bK**mf*aB»w«4 

£ L/*C, ffifig*. X». ttfffl8{b*8fflt,TfcJ:t>. 

(2) i?-b'>yu-F©^fba^ai-4^m£L 
40 Ttt. SQUI Dflf»*tf-fiW«:JBBfWft*ia*«nI«|-C 

(3) ^2»§ici5i»TB l xuraaitMe-*- 

^SiSa«^©^m«fttr-^£eEft]©ffifflr-f 
£^*ftbT4C£«:J:o-c. W^tf. ^fflSS. lgfflBU 

(4) »ttft©^ba*»i4a{c. gs&#{b**t*£ 
[0ffi©^ft^] 
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